The hydrolysis of esculin in the presence of bile has been utilized for many years for the identification of bacteria. It is especially useful in differentiating species of the genus Streptococcus. The procedure is a two-step one. First, the bacterium must grow in a particular concentration of bile, and second, it must hydrolyze esculin. The hydrolysis of esculin has traditionally been determined by the brown-black color that results when one of the hydrolysate products, esculetin, reacts with iron in the medium. The procedure requires incubation for 24 h or more. A method was developed based on the measurement of constitutive f(i-glucosidase (esculinase) with the repression of this enzyme by bile equivalent (sodium desoxycholate) that required only 30 min.
The ability of bacteria, particularly the streptococci, to hydrolyze esculin in the presence of bile is an important phenotypic characteristic in identification (11) . Esculin is 6,7-dihydroxycoumarin-p-D-glucose, a compound derived from the horse chestnut tree. It has vitamin P activity and has been used medically as a topical sunscreen because of its ability to absorb UV light.
The hydrolysis of esculin was first used in medical bacteriology in 1907 to examine water samples for bacteria of fecal origin (13) . Rochaix, in 1924 , used an esculin medium to differentiate fecal from nonfecal streptococci (10) . Meyer and Schonfeld (8) added ox bile to esculin medium and found that they were able to differentiate the enterococcal group of streptococci from other streptococci in a one-tube biochemical test. Swan (12) subsequently found that the ability of a Streptococcus species to hydrolyze esculin in the presence of 40% ox bile correlated with group D Lancefield precipitin activity. It was later established by Facklam (6) that the bile-esculin test was pivitol in separating group D from other streptococci. The bile-esculin test was also found to be key in differentiating between Listeria monocytogenes and other gram-positive, facultatively anaerobic, non-spore-forming bacilli (1).
The hydrolysis of esculin occurs at the P-D-glucosidic linkage, with the reaction liberating glucose and esculetin (6,7-dihydroxycoumarin) . The measurement of esculinase has commonly been determined based on the ability of esculetin to react with iron to form a dark brown or black phenolic iron complex (9) . Esculin hydrolysis has also been measured by ascertaining the decrease in pH if the product glucose is fermented or by the decrease in fluorescence that occurs as the intact esculin molecule is hydrolyzed (4) . The test is performed by inoculating the RBE reagent with sufficient bacterial mass to produce a final turbidity of at least a 0.5 McFarland standard. RBE reagent was incubated in parallel at room temperature (21°C) and at 35°C. Reactions were observed at 5-min intervals for up to 60 min. The presence of a visible yellow color was considered to be positive for the hydrolysis of esculin in the presence of bile.
No change in the reagent but clearing of the turbid solution to transparency was considered to be evidence of bile solubility. No change in the color of the reagent and no change in the turbidity were considered to be both bile-esculin negative and bile insoluble.
RESULTS
The RBE procedure correlated well with the bile-esculin test ( ca. 60% of S. pneumoniae, and at 15 min more than 90% were lysed. DISCUSSION
The hydrolysis of esculin has been determined by three methods: the observation of a brown-black pigment from the reaction of the hydrolysis product esculetin with Fe3", the measurement of acid production from the fermentation of the hydrolysis product glucose, and the observation of the decrease of fluorescence at 366 nm that occurs as the intact ,-D-glucosidic bond is broken. The use of Fe3 + as an indicator was the first to be used and is now the most commonly employed method. The intense color produced by the interaction of esculetin with Fe3`makes positivity sensitive and distinctive; however, the bile-esculin agar test requires 24 to 48 h for completion. The relative insensitivity of secondary pH measurements with chemical indicators limits the glucose fermentation test severely. The measurement of esculin hydrolysis by a decrease in fluorescence has been modified as a rapid test with reagent-impregnated strips (3) .
A new method to determine the production of esculinase in the presence of bile equivalent is presented here. In solution, p-nitrophenyl-p-D-glucopyranoside is colorless. At an alkaline pH, the hydrolysis product, p-nitrophenyl, will have a yellow color. One p-nitrophenyl moiety is released for each molecule of substrate cleaved. The color produced by the p-nitrophenyl moiety is most intense at pH 7.9. Esculinase is most active at pH 7.2 (Edberg and Trepeta, in press). After analyzing formulations at various pH measurements, a pH of 7.5 was found to be best for both color release and enzyme activity. At this pH the release of autolytic enzymes in S. pneumoniae was also efficient and allowed the procedure to be utilized for the identification of this organism.
A concentration of 2.5% sodium desoxycholate was utilized in this study. At higher concentrations (beginning at ca. 2.7%), inhibition of the constitutive P-glucosidase of S. bovis was observed. At lower concentrations, the constitutive esculinase of Streptococcus milleri and other members of the viridans group of streptococci began to be detected. The change in the sensitivity of 3- 
